-51- 



CLAIMS 

A method of introducing exogenous DNA into a 
preselected aite of the genome of a primary or a 
secondary cell of vertebrate origin, comprising the 
steps of: \ 

a) transfectnng the primary or the secondary cell 
with a DNa\ cons truct comprising exogenous DNA 
which inclutles DNA sequences homologous to 
genomic DNA \sequences of the primary or 
secondary cell, thereby producing transfected 
primary or secondary cells and 

b) maintaining tnansfected primary or secondary 
cells under conditions appropriate for 
homologous recombination between DNA sequences 
in the DNA construct and genomic DNA to occur; 

thereby producing homV>logjotr&iy recombinant primary 
or secondary cells. \/ \ 

The method of Claim L wiherekn the primary or 
secondary cell of ver tebratk or igijr is selected from 
the group consisting of :\/f ibroblas ts , 
keratinocy tes , epitnVJrfai cells, endothelial cells, 
glial cells, neural cells\ formed elements of the 
blood, muscle cells, hepatwcytes and precursors 
thereof. \ 

The method of Claim 2 whereiVn the primary or 
secondary cell is of mammalian origin. 



• 
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The method of\ciaim 3 wherein the primary or 
secondary cell\ is selected from the group consisting 
of: primary human cells, secondary human cells, 
primary mouse cells, secondary mouse cells, primary 
rabbit cells and secondary rabbit cells. 

The method of Claim 4 wherein the exogenous DNA 
encodes a therapetft ic product selected from the 
group consisting oVf : enzymes, cytokines, hormones, 
antigens, antibodies, clotting factors, regulatory 
proteins, ribozymesV transcription proteins, 
receptors, anti-sen^e nucleic acid sequences and 
novel proteins. 
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The method of Claim A wherein the exogenous DNA is 
itself a therapeutic broduct selected from the group 
consisting of DNA sequences sufficient for 
sequestration of a projtej^ or nucleic acid in the 
cell, DNA sequences/which brnd to a cellular 
regulatory proteii/, DNa\ sequences which alter 
secondary or tertiary cnroposom^l structure and DNA 
sequences which ape tran^/S^^^onal regulatory 
elements . 



The method of Claim 1 whetein the DNA construct of 
(a) additionally includes\DNA encoding a selectable 
marker. 



The method of Claim 7 wherein the primary or 
secondary cell is selected from the group consisting 
of: fibroblasts, keratinoc^tes , epithelial cells. 
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endothelial cellls, glial cells, neural cells, formed 
elements of the blood, muscle cells, hepatocytes and 
precursors therWof, 

The method of ClVim 1 further comprising culturing a 
homologously recombinant primary or secondary cell 
under conditions appropriate for propagating the 
homologously recombinant primary or secondary cell, 
thereby producing a clonal strain of homologously 
recombinant secondary cells . 

A homologously recombinant primary or secondary cell 
produced by the method of Claim 1. 

A clonal cell strain olf homologously recombinant 
secondary cells produced by the method of Claim 9. 

A method of targeting DrffA.s-e-q-^ences into genomic DNA 
of a primary or second«W cell of vertebrate origin, 
comprising the steps /of :\ 

a) providing a DNAf consvtruit comprising: 

1) exogenous DNA encjodijig'^ product to be 
expressed iiKj^f^Miary or secondary cells of 
vertebrate origin; 

2) DNA sequences homologous with genomic DNA 
sequences in the primary or secondary cell 
of vertebrate oricin; and 

3) DNA sequences ericovding at least one 
selectable marker ;\ 

b) transfecting primary or secondary cells with 
the DNA construct provided in (a), thereby 



54- 



producing primary or secondary cells containing 
the DNA \cons truct provided in (a); and 
c) maintaining primary or secondary cells produced 
in (b) urader conditions appropriate for 
homologous recombination to occur between DNA 
sequences viomologous with genomic DNA sequences 
and genomic DNA sequences, 
thereby producing homologously recombinant primary 
or secondary cell\s of vertebrate origin having the 
DNA construct of ta) integrated into genomic DNA of 
the primary or secondary cells. 



13. The method of Claim\ 12 wherein the primary or 

secondary cell is selected from the group consisting 
of: fibroblasts, kerat inocy tes , epithelial cells, 
endothelial cells, gBial cells, neural cells, formed 
elements of the blood\ muscle cells, hepatocytes and 
precursors thereof. 



id 



14. The method of Claim/i3 \wh 
secondary cell is of mamm 



[rein the primary or 
lian origin. 



15. The method of Claa\m 14 wUe^r^n the primary or 

secondary cell is ^"eJLe^^tad from the group consisting 
of: primary human cells, \ secondary human cells, 
primary mouse cells, secondary mouse cells, primary 
rabbit cells and secondar^y^ rabbit cells. 



16. The method of Claim 15 wher\ein the exogenous DNA 
encodes a therapeutic produAt select d from the 
group consisting of: enzymes, cytokines, hormones. 
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antigens, antibodies, clotting factors, regulatory 
proteins, ribozymes, transcription proteins, 
receptors, anti\-sense nucleic acid sequences and 
novel proteins 



17, The method of Cl\aim 16 wherein the exogenous DNA is 
itself a therapeutic product selected from the group 
consisting of DN/i sequences sufficient for 
sequestration of a protein or nucleic acid in the 
cell, DNA sequences which bind to a cellular 
regulatory proteinV DNA sequences which alter 
secondary or tertiary chromosomal structure and DNA 
sequences which are\ transcriptional regulatory 
elements . 



18. A homologously recombinant primary or secondary cell 
produced by the method^^tTf Claim 12. 



19, A homologously r eoomb Lnatvt primary or secondary cell 
of vertebrate or iigin , \h|^v^ng integrated into genomic 
DNA exogenous DNA, 



20. A homologously S^e^s^eTmb inant primary or secondary cell 
of Claim 19 selected friom the group consisting of: 
fibroblasts, keratinocy tes , epithelial cells, 
endothelial cells, glial cells, neural cells, formed 
elements of the blood, muscle cells, hepatocytes and 
precursors thereof. 



21. A homologously recombinant primary or secondary cell 
of Claim 20 which is of mammalian rigin. 
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A homologous ly recombinant primary or secondary cell 
of Claim 21 selected from the group consisting of: 
primary human\ cells, secondary human cells, primary 
mouse cells, secondary mouse cells, primary rabbit 
cells and secomdary rabbit cells. 

A homologously Vrecombinant primary or secondary cell 
of Claim 22 wherein the exogenous DNA encodes a 
therapeutic procmict selected from the group consis- 
ting of: enzymes, cytokines, hormones, antigens, 
antibodies, clottang factors, regulatory proteins, 
ribozymes, transcrt ip t ion proteins, receptors, 
anti-sense nucleic\acid sequences and novel 
proteins. \ y^"'^^^ ^ 

A homologously recombinant primary or secondary cell 
of Claim 22 whe/rein the Exogenous DNA is itself a 
therapeutic product ^eleirted from the group 
consisting of/DNA seq\uerni:es sufficient for 
sequestration/ of a prjpteln or nycleic acid in the 



regulatory protein. DNA sequences which alter 
secondary or tertiary dhromosomal structure and DNA 
sequences which are transcriptional regulatory 
elements. \ 




a cellular 



A homologously recombinant primary or secondary cell 
of Claim 19 which additionally has integrated into 
genomic DNA DNA encoding W selectable marker. 
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A homologouslM recombinant primary or secondary cell 
of Claim 25 which is of mammalian origin. 

A homologously recombinant primary or secondary cell 
of Claim 26 selected from the group consisting of: 
primary human cells, secondary human cells, primary 
mouse cells, secondary mouse cells, primary rabbit 
cells and secondary rabbit cells. 

A homologously recombinant primary or secondary cell 
of Claim 27 wherein\ the exogenous DNA encodes a 
therapeutic product \ selected from the group consis- 
ting of: enzymes, cWtokines, hormones, antigens, 
clotting factors, refeulatory proteins, ribozymes, 
transcription proteiris, receptors, an anti-sense 
nucleic acid sequence\and novel proteins, 

A homologously recombinant prllitary or secondary cell 
of Claim 27 wherein t]fie\ exoR/finous DNA is itself a 
therapeutic product selfecte/d/ from t^he group 
consisting of DNA sJquentoe4 ^lilJ^cient for 
sequestration of a Protein or nucleic acid in the 
cell, DNA sequences S*h<fch\ bind to a cellular 
regulatory prot.ein, DNA sequences which alter 
secondary or tertiary chromosomal structure and DNA 
sequences which are transcriptional regulatory 
e lement s . \ 

A method of providing a therapeutic product in an 
effective amount to a mammal comprising the steps 
of: \ 
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a) providimg a DNA construct comprising: 

1) exogenous DNA encoding a product to be 
expressed in primary or secondary cells of 
vernebrate origin ; 

2) DNA sequences homologous with genomic DNA 
sequemces in the primary or secondary cell 
of vertebrate origin; and 

3) DNA sequences encoding at least one 
selectable marker; 

b) transfecting\ primary or secondary cells 
obtained from the mammal with the DNA construct 
provided in (k) , thereby producing primary or 
secondary cell\s containing the DNA construct 
provided in (aj; 

c) maintaining primary or secondary cells produced 
in (b) under conditions appropriate for 
homologous recombination to occur between DNA 
sequences homologous with genomic DNA sequences 
and genomic DNA sequences, 

thereby producing homologo'us-lNy recombinant primary 
or secondary cells of/vter tejbra^^ origin having the 
DNA construct of (a/ integlrlated in^to genomic DNA of 
the primary or secondary/^ celsj^s^u-^nd 

d) introducing honiaJr^gdusly recombinant primary or 
secondary cells produced in (c) into the mammal 
in sufficient number\ to produce an effective 
amount of the therapeutic product in the 
mammal . \ 

The method of Claim 30 wherein the primary or 
secondary cell is selected from the group consisting 
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of: fibroblasts, kerat inocytes , epithelial cells, 
endothelial dells, glial cells, neural cells, formed 
elements of the blood, muscle cells, hepatocytes and 
precursors thereof. 

The method of Claim 31 wherein the primary or 
secondary cell \is selected from the group consisting 
of: primary human cells, secondary human cells, 
primary mouse ceUls , secondary mouse cells, primary 
rabbit cells and \secondary rabbit cells. 

The method of ClaiW 32 wherein the exogenous DNA 
encodes a therapeutic product selected from the 
group consisting on: enzymes, cytokines, hormones, 
antigens, antibodies, clotting factors, regulatory 
proteins, r ibozymes ,\ transcript ion proteins, 
receptors, anti-sense nucleic acid sequences and 
novel proteins. \ 

The method of Claim /32\ wherein the exogenous DNA is 
itself a therapeutic pioduat selected from the group 
consisting of DNA sequences suff^-cient for 
sequestration of a protein oT^nucleic acid in the 
cell, DNA sequences whick bind to a cellular 
regulatory protein, DNA ^equences which alter 
secondary or tertiary chromosomal structure and DNA 
sequences which are transcriptional regulatory 
elements . \ 

A method of targeting exogenous DNA into a 
preselected site in genomicxDNA of a primary or 
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secondary cell^ of vertebrate origin, comprising the 
steps of: 

a) providing \a DNA construct comprising; 

1) exoge)[ious DNA selected from the group 
consisting of: 

a) DBJA sequences which repair, alter, 
ste or replace a resident gene in 

th4 primary or secondary cell; 

b) DNa\ sequences encoding a product not 
norl|ttally expressed in the primary or 
secc3indary cells or not expressed in 
signlificant levels in the primary or 
secoAdary cells as obtained; 

c) DNA s\equences which repair, alter, 
delett or replace a regulatory 
sequence present in the primary or 
secondary cells; 

d) DNA sequences which encode a 
re&tiiratiorv^"s>quence not normally 

Ly linked to a gene to be 

)rimary or secondary 
f'd ; and 

Df^Ar— sequences which inactivate or 



2) 



3) 



e) 



remove a\gene or gene portion in the 
primary o\r secondary cells; 
DNA sequences \iomologous with genomic DNA 
sequences in the primary or secondary 
cells; and 

DNA sequences eiicoding at least one 
selectable markei 



-61. 



b) transfecting primary or secondary cells with 
the DNA \construct provided in (a), thereby 
producinW primary or secondary cells containing 
the DNA construct provided in (a); and 

c) maintaining primary or secondary cells produced 
in (b) under conditions appropriate for 
homologousL recombination to occur between DNA 
sequences Homologous with genomic DNA sequences 
and genomic\ DNA sequences, 

thereby producing primary or secondary cells of 
vertebrate or igin\ having the DNA construct of (a) 
integrated into gAnomic DNA of the primary or 
secondary cells. \ 

A method of increasing the efficiency of homologous 
recombination between a) genomic DNA sequences of a 
primary or a secondary cell of vertebrate origin and 
b) DNA sequences, priesent in a DNA construct, which 
are homologous with gWomT^ sequences of the 
primary or the secoAdiry ctell, comprising 
introducing into dne prinLalry or/the secondary cell a 
linear DNA constrict hlvlngv^^a^ingle stranded 
overhang at each e<tid^^^\ 

A method of turning on expression of a gene to be 
expressed which is present in a cell but is not 
expressed in the cell as obtained or is not 
expressed at significant levels in the cell as 
obtained, comprising introducing into the cell a DNA 
construct comprising a regulatory region under 
conditions appropriate for homologous recombination, 
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whereby the regulatory region is inserted into or 
replaces all or a portion of the regulatory region 
of the gene to\be expressed, and is functionally 
linked to the dene to be expressed, thereby 
producing homologously recombinant cells which 
express the gene\. 

The method of Cla\im 37 wherein the gene is selected 
from the group consisting of: the human 
erythropoietin, gnowth hormone, and insulin genes. 

The method of Claim 37 wherein the cell is a primary 
or secondary cell ot vertebrate origin selected from 
the group consisting of: fibroblasts, keratino- 
cytes, epithelial ceU.ls , endothelial cells, glial 
cells, neural cells , \ formed elements of the blood, 
muscle cells, hepatocWtes and precursors thereof. 

The method of Claim 39V^ wheyrein^ the primary or 
secondary cell is of AnAmmal ian /or igin . 

The method of Claim "(j^O^/wherein the primary or 
secondary cell is selectted from the group consisting 
of: primary human cellsl secondary human cells, 
primary mouse cells, secondary mouse cells, primary 
rabbit cells and secondary rabbit cells. 

The method of Claim 37 whenein the gene to be 
expressed encodes a productX Selected from the group 
consisting of: enzymes, cytokines, hormones, 
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antigens, antibodies, clotting factors, regulatory 
proteins, transcription proteins and receptors. 

A method of targeting, DNA sequences into genomic DNA 
of a primary or secondary cell of vertebrate origin, 
comprising the ^teps of: 

a) providing A DNA construct comprising: 

1) exogenous DNA encoding a product to be 
expressed in primary or secondary cells of 
vertebinate origin; 

2) DNA sequences homologous with genomic DNA 
sequences in the primary or secondary cell 
of vertebrate origin; and 

3) DNA sequemces encoding at least one 
selectable marker ; 

b) transfecting primary or secondary cells with 
the DNA construct provided in (a) , thereby 
producing primary or secondary cells containing 
the DNA construcn provided in (a) ; and 

c) maintaining prLitfaWy orNsecondary cells produced 
in (b) under ycondit/lons appropriate for 
homologous ricombyb ation /to occur between DNA 
sequences himolo/oms wj/ch genomic DNA sequences 
and genomic MilJ^ sequiences , thereby producing 
homologously recombinant primary or secondary 
cells of vertebrate \origin having the DNA 
construct of (a) integrated into genomic DNA of 
the primary or seconaary cells; 

d) exposing the homologously recombinant primary 
and secondary cells pnoduced in (c) to a 
selectiv agent which sel cts f r the 
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e) 



selectable marker present in the targeting DNA 
cons true t ,\ whereby cells that have not stably 
integrated! the selectable marker are killed and 
cells that \have stably integrated the 
selectable marker can survive and form 
colonies ; and 

screening covLonies produced in (d) to identify 
homologously^recombinant primary or secondary 
cell strains 



The method of ClaiiA 43 wherein the positive 
selective marker is\neo and the selective agent is 
G418. 



A method of targeting DNA sequences into genomic DNA 
of a primary or secondary cell of vertebrate origin, 
comprising the steps df: 

a) providing a DNA clonstruct comprising: 

1) exogenous DNA encoding a product to be 

expressed im^prima^ry or secondary cells of 
vertebrate origin 



2) DNA sequences \ho 
sequences! 
of vertebfvot. 

3) DNA sequences 



logous with genomic DNA 
)rimary or secondary cell 
i^ig4jl^an<i 

needing at least one each 



positive and negative selection markers, 
in such a configuration that homologous 
recombination between the targeting 
sequences and homologous sequences in the 
host cell genome Results in the targeted 
integration of theXpositive s lection 
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marker, while the negative selection 
markeVr is not integrated; 

b) transfectitog primary or secondary cells with 
the DNA construct provided in (a), thereby 
producing primary or secondary cells containing 
the DNA construct provided in (a); and 

c) maintaining \primary or secondary cells produced 
in (b) under\ conditions appropriate for 
homologous re^combination to occur between DNA 
sequences homologous with genomic DNA sequences 
and genomic DNA sequences, thereby producing 
homologously necombinant primary or secondary 
cells of vertebrate origin having the DNA 
construct of (k) integrated into genomic DNA of 
the primary or Isecondary cells; 

d) exposing primarly and secondary cells produced 
in (c) to a selWctive agent which selects for 
the positive selp^-fT^m marker present in the 
targeting DNA iconstruct, whereby cells that 
have not stab/Ly linteflrated the positive 
selection raarkerl are/killed and cells that have 
stably integtateli /hjfe po^tive selection marker 
can survive knd f^rm"^lonies ; and 

e) additionally Vstpols ing the cells produced in (c) 
and (d) to an ageht which selects against the 
negative selection marker present in the 
targeting DNA construct, whereby cells that 
have stably integrated the negative selection 
marker are killed, \with the result of steps (d) 
and (e) being such chat homologously 
recombinant cells are selected. 
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The method of ClLaiin 45 wherein the primary or 
secondary cell is selected from the group consisting 
of: fibroblast^, kerat inocy tes , epithelial cells, 
endothelial cell\s, glial cells, neural cells, formed 
elements of the blood, muscle cells, hepatocytes and 
precursors thereof. 

The method of Claim 46 wherein the primary or 
secondary cell is \of mammalian origin. 

The method of Claim 47 wherein the primary or 
secondary cell is selected from the group consisting 
of: primary human cells, secondary human cells, 
primary mouse cells, \ secondary mouse cells, primary 
rabbit cells and secondary rabbit cells. 

The method of Claim 418 wherein the exogenous DNA 
encodes a therapeut ic\ pj:jQjdiic t selected from the 



group consisting ot/C \enzymes/^ cytokines, hormones, 
antigens, antibod/ies, Iclottling factors, regulatory 
proteins, ribozj^ies, ttansd/r ip t ion proteins, 
receptors, anti4sense nucVeVc aci/r sequences and 
novel proteins. V 

The method of Claim 49 wherein the exogenous DNA is 
itself a therapeutic proViuct selected from the group 
consisting of DNA sequen&es sufficient for 
sequestration of a proteiVn or nucleic acid in the 
cell, DNA sequences which\bind to a cellular 
regulatory protein, DNA seVquences which alter 
secondary or tertiary chroiposomal structure and DNA 
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sequences whith are transcriptional regulatory 
elements , \ 

A homologously\ recombinant primary or secondary cell 
produced by the\ method of Claim 45. 

A clonal cell sttrain of homologously recombinant 
secondary cells broduced by the method of Claim 45. 

The method of Claam 45 in which the positive 
selective marker is neo and the selective agent is 
G418. \ 

The method of Claim! 45 in which the negative 
selection marker is\gpt and the negative selective 
agent is 6 - thioxanthVLne . 

The method of Claim 3\7''"Vh^e r e i n the cell as obtained 
is an immortalized/cell. /] 

The method of Cldim 45VAn\5ihj..efi the negative 
selection marker \^is;erh4 HSV-TK gene and the negative 
selective agent is gandyclovir. 

The method of Claim 45 in which two negative 
selection markers are usted, where one negative 
selection marker is gpt knd one negative selection 
marker is the HSV-TK geni. 
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58. A homologi>usly recombinant primary or secondary cell 
produced by the method of Claim 37. 

59. A clonal cell strain of homologously recombinant 
secondary cells produced by the method of Claim 37. 

60. The method of\ciaim 37 in which the DNA construct 
additionally comprises a positive selection marker. 
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61. The method of ciaim 37 in which the DNA construct 
additionally comprises at least one positive 
selection marker \and at least one negative selection 
marker . 

62. The method of Claiih 60 in which the positive 
selection marker is\ neo and the positive selection 
agent is G418, 

63. The method of Claim Ml in/which the positive 
selection marker is |neo ^nxJ^_jJle positive selection 
agent is G418, and t^x^negative selection marker is 
gpt and the negative si^lection agent is 
6 - thioxan thine . 
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The method of Claim 61 in which the positive 
selection marker is neo akd the positive selection 
agent is G418, and the negative selection marker is 
the HSV-TK gene and the negative selection agent is 
gancyclovir . 




